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PSII - cyanobacteria
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To determine the energy transfer mechanism at the 
level of the entire complex

To understand the principles behind the assembly 
and disassembly of the phycobilisome

Our goal is to obtain an atomic resolution structure of      
the entire Phycobilisome complex and large sub - complexes 
from the cyanobacterium Thermosynechococcus vulcanus

To determine the architecture of the Phycobilisome



X- ray crystallography procedure

Production of a purified protein solution Obtaining Crystals

Data collectionElectron density map 
calculation

Improvement and refinement 
of the model

Screening Crystals



High resolution 
structures of 
the 
phycobilisome
components

structures of the 
entire complex 
and/or large sub -
complexes
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Phycobilisome  
(PBS) Rod Core



Our Phycobilisome complex, rod 
and core are purified directly 
from the cyanobacteria T. 
vulcanus. The PBS is isolated in 
0. 9M Phosphate buffer

Usually four different fractions are isolated from the 
sucrose gradient, which are concentrated and 
crystallized. 



MS results  of 
solubilized PC rod crystals

Subunit                 Gene              Function

Ŭ-Phycocyanin      cpcA                PBP

ɓ-Pchycocyanin     cpcB                PBP

LR
30 cpcC               rod linker

LR
7.8 cpcD               rod capping  

linker

LRC
30 cpcG4             rod -core -linker

Rod Core 

linker

Rod linker

capping 

linker

Core

Rod
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Core (peak 655 nm)

PC (peak 620 nm)

Pellet (also contains core)
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93% of the population is ~ 3MDa
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93% of the population is ~ 3MDa
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Crystals of 
Phycobilisome complex 

Emission Spectrum 

Excitation at 580 nm
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Phycobilisome complex
in solution 



FunctionGeneSubunit

PBPapcAŲAPC

PBPapcBǾAPC

PBPcpcAŲPC

PBPcpcBǾPC

rod linkercpcCLR30

rod capping linkercpcDLR7.8

rod - core - linkercpcG4LRC30

rod - core - linkercpcG1LRC29

rod - core - linkercpcG2LRC31

core - linkerapcCLC

terminal ŲAPC subunitapcDŲB- APC

core - membrane linkerapcELCM

Terminal ǾAPC subunitapcFǾ18 - APC

PBS in solution ðthe ratio is 1.430

Solubilized PBS crystals ðthe ratio is 1.408

620/652 ratio
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Rod crystal Core crystal Phycobilisome crystal
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The crystals diffract to 3-4Å

The analysis of the diffraction pattern showed that those 
crystals have the same space group (H 32) and similar unit 
cell dimensions as the Rod structure

Space group ðH32
Unit cell dimensions:
189x189x61Å, b= 120o
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standard 
deviation

Average 
length 

2.833.7 nm1

2.732.8 nm2

1.4723.3 nm 3

2.535.6 nm4

227.6 nm5

* The Statistics was done from ~ 30 particles
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* Improvement of the current 
PBS crystals.

* Determine the Phycobilisome 
and core 

atomic structure. 

* Electron Microscopy for the 
Phycobilisome.
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Organic Photovoltaic Cells

ÅLow-cost devices for renewable energy

ÅProcessed from solution

ÅCan be fabricated on plastic and flexible 

substrates

SSC2010



Organic Photovoltaic cells

SSC2010

LUMO

HOMO

Eb hʐ

Electron 
Donor

Electron 
Acceptor

ÅPhotoexcitation creates an 

exciton

ÅDissociation of the exciton 

into free charge carriers occurs 

at the donor-acceptor interface 

DSSC ɀ
metal oxide: organic dye 

Donor ïAcceptor Interface
Organic interface-
polymer: polymer
polymer: fullerene Hybrid organic-inorganic

polymer: metal oxide

Conjugated 

polymer Titania


